Abstract. After the Solar and Heliospheric Observatory (SOHO) was launched in 1996, the aboard Extreme Ultraviolet Imaging Telescope (EIT) observed a global coronal wave phenomenon, which was initially named "EIT wave" after the telescope. The bright fronts are immediately followed by expanding dimmings. It has been shown that the brightenings and dimmings are mainly due to plasma density increase and depletion, respectively. Such a spectacular phenomenon sparked long-lasting interest and debates. The debates were concentrated on two topics, one is about the driving source, and the other is about the nature of this wavelike phenomenon. The controversies are most probably because there may exist two types of large-scale coronal waves that were not well resolved before the Solar Dynamics Observatory (SDO) was launched: one is a piston-driven shock wave straddling over the erupting coronal mass ejection (CME), and the other is an apparently propagating front, which may correspond to the CME frontal loop. Such a twowave paradigm was proposed more than 13 years ago, and now is being recognized by more and more colleagues. In this paper, we review how various controversies can be resolved in the two-wave framework and how important it is to have two different names for the two types of coronal waves.
Introduction
After the launch of the Solar and Heliospheric Observatory (SOHO) in December 1995, the onboard Extreme Ultraviolet (EUV) Imaging Telescope [EIT, Delaboudinière et al., 1995] was routinely observing the solar corona with a cadence of 12-15 min at four EUV wavelengths, Fe IX 171Å, Fe XII 195Å, Fe XV 284Å, and He II 304Å. On 1997 May 12, the EIT telescope observed an intermediatescale solar flare in the northern hemisphere. The flare was registered as C1.3-class according to its peak flux at 1-8 A measured by the Geostationary Operational Environmental Satellites (GOES). Looking at the original images, one can only identify a small-sized brightening of the flare and some perturbation in the background, with nothing special. However, after using a running difference technique, i.e., to subtract each image with one measured at the previous time so as to enhance any weak variations, Thompson et al. [1998] discovered an unexpected yet spectacular phenomenon in the corona. It is seen that a wavelike pattern propagated outward across the major part of the solar disk, starting from the source active region of the solar flare, as displayed by Figure 1 . The propagating wave front is immediately followed by an expanding dimming. The brightening of the fronts is visible at EUV spectral lines with different formation temperatures, implying that they are mainly due to density enhancement [Wills-Davey and Thompson, 1999] . The amplitude of the brightening along the fronts is averaged to be below 25% . Since the wavelike phenomenon was discovered with the EIT telescope, it was then called "EIT wave". Arguing that it might not be appropriate to name a phenomenon after an instrument, colleagues invented several new terms for it [see Chen and Fang, 2012, for details], such as "EUV wave" [Webb, 2000] , "global coronal wave" [Hudson, 1999] , "large-scale coronal waves" [Sterling and Hudson, 1997] , "coronal propagating front" [Schrijver et al., 2011] , "large-scale coronal Copyright 2016 by the American Geophysical Union. 0148-0227/16/$9.00
propagating front" [Nitta et al., 2013] . In this paper, we tend to use "EUV waves" for any kind of wavelike phenomena observed in EUV and "EIT waves" for the phenomenon discovered by [Thompson et al., 1998 ]. The coronal EUV waves are different from those waves which are trapped inside magnetic loops of an active region [Aschwanden et al., 1999; Nakariakov et al., 1999; Wang, 2015] , confined along large-scale interconnecting loops , or in the coronal holes [Banerjee and Krishna Prasad , 2015] .
For an elastic medium like the solar corona, any local perturbation, e.g., in thermal pressure, magnetic field, or velocity, would result in resistance from the medium. Such resistance is always accompanied by a restoring force, by which the perturbed part starts to oscillate locally. The oscillation will perturb the neighboring parts of the medium. Like a chain reaction, a perturbation would propagate out as a wave phenomenon, which manifests itself as a propagating pattern. However, when a propagating pattern is observed, we sometimes fall into the trap of black-or-white thinking. When we are sure that the observed moving feature is not mass motion (e.g., when the Doppler velocity is much smaller than the propagation velocity even after correcting of the projection effects), we might claim that it is a wave. In this case we forget the third possibility, i.e., it could be an apparent motion. For example, the successive brightening of auroras is a kind of apparent motion, neither a mass motion nor a wave. The discovery and the ensuing interpretation of the globally propagating waves in the solar corona, i.e., "EIT waves", are an excellent example to illustrate how complicated a propagating pattern would be. This paper is intended to review the progress on this global coronal wave in the past 18 years. In order not to confuse the readers, we try to describe the contents in a self-consistent way, which is inevitably influenced by the author's own opinion. For more balanced descriptions among different theoretical models, the readers are referred to the reviews by Wills-Davey and Attrill [2009] 
Chromospheric Moreton Waves
It is nearly impossible to talk about "EIT waves" without mentioning chromospheric Moreton waves.
In 1960s, with the aim to detect Doppler-shifted features, Moreton and Ramsey [1960] used Hα-0.5Å waveband to observe solar flares. As a by product, they found a bright front in the Hα-0.5Å images propagating outward to a distance of ∼10 5 km with a velocity of 500-2000 km s −1 . This phenomenon was later widely called "Moreton waves". The wave fronts are bright in Hα center and the blue wing, while dark in the Hα red wing.
These observational features, i.e., the high speed, the long distance, and the weak amplitude, posed a serious challenge for a straightforward interpretation, as shown as follows. The solar atmosphere is composed of a thin photosphere at the solar surface with a thickness of ∼500 km, a slightly thicker chromosphere above the photosphere (∼2000 km), and a vast corona extending outward to the whole heliosphere. The plasma density drops drastically from the photosphere to the chromosphere, and further to the corona. However, the magnetic field decreases with height more gently. As a result, the Alfvén velocity vA = B/ √ µ0ρ increases rapidly from ∼10 km s −1 in the photosphere to ∼100 km s
in the chromosphere, and further up to ∼1000 km s −1 in the corona. The Hα spectral line, with which Moreton waves are observed, is formed in the chromosphere. It means that Moreton waves are a phenomenon happening in the chromosphere. Because the Alfvén velocity in the chromosphere is of the order of ∼100 km s −1 , if Moreton waves, which are observed in the chromosphere with a propagation velocity of 500-2000 km s −1 , are real waves propagating in the chromosphere, their Alfvénic Mach number should be around 5-20, i.e., they must be very strong shock waves. However, without continual piston-driving, such strong shock waves would decay rapidly as they propagate outward so that they cannot reach a distance of the order of 10 5 km as found by Moreton and Ramsey [1960] . Therefore, the high velocity and the long propagation distance of the chromospheric Moreton waves are conflicting characteristics apparently. Besides, if Moreton waves are such strong shock waves, the amplitude of the wave should be huge. However, Moreton wave fronts are very faint, and the associated Doppler velocity is only about 6-10 km s −1 [Svestka, 1976] . These features puzzled solar physicists for quite a long time.
Several possibilities were put forward, but the basic idea was the same: Moreton waves are related to waves propagating in the corona [Carmichael , 1964; Meyer , 1968] . A proper treatment was conducted by Uchida [1968] , who proposed that the pressure pulse in the solar flare generates a fast-mode magnetohydrodynamic (MHD) wave propagating in the corona. The skirt of the wave front sweeps the chromosphere, pushing the chromospheric material downward, by which a Moreton wave front is formed. Such a process is illustrated in Figure 2 . The basic framework of Uchida's model is correct, the main modification we made in Figure 2 is that the coronal counterpart of a Moreton wave is driven by the eruption of a flux rope with a filament at the bottom (note that the filament is often identified as the core of a CME), i.e., the coronal counterpart of any Moreton wave is a piston-driven shock wave straddling over the ejecta, rather than a blast wave initiated by the pressure pulse in the accompanied solar flare [see also Cliver et al., 1999; Chen et al., 2002] .
According to the modified Uchida model in Figure 2 , the erupting flux rope drives a fast-mode coronal shock wave (red lines) propagating outward. During the time interval from t1 to t2, the footpoint of the coronal shock wave moves from point A to point B with a velocity of ∼1000 km s −1 . At the same time, the wave front in the chromosphere also propagates from CA to DB with a velocity of ∼100 km s −1 .
Since the fast-mode wave velocity in the chromosphere is ∼10 times smaller than that of the coronal fast-mode wave, the propagation distance between the two fronts DB and CA would be ∼10 times shorter than that of the two coronal fronts at the time t2 and t1. As a result, the real wave fronts in the chromosphere would be strongly oblique as shown by the blue lines in Figure 2 . The forward-inclined wave front was inferred by observations [Vršnak et al., 2002; Gilbert et al., 2008] . According to the radiative transfer calculations, the emissions of the Hα line profile at different wavelengths come from different layers of the chromosphere, say, the Hα line center is formed in the upper chromosphere, whereas the Hα line wings are formed in the lower chromosphere [Vernazza et al., 1981] . In observations, Moreton waves are generally detected with Hα filtergrams using a narrow waveband in the Hα profile, e.g., Hα-0.5Å [Moreton and Ramsey, 1960] . The emission is mainly from a certain layer of the chromosphere. Without loss of generality, we can assume the chosen Hα waveband is formed at the level G, which intersects with the two chromospheric fronts at points E and F as indicated by the dashed line in Figure 2 . As a result, an Hα Moreton wave front would be seen to propagate from point E to point F, which is equivalent to the distance from point A to point B, i.e., the Hα Moreton wave has the same velocity as the footprint of the coronal fast-mode wave, though lagging behind. Such a spatial delay of about tens of Mm was clearly found in observations by Vršnak et al. [2002] and recently by White et al. [2013] , and was reproduced by simulations as well [Chen et al., 2005a] . The co-spatiality between the Hα Moreton wave and the coronal shock wave mentioned in some observations [e.g., Asai et al., 2012; Shen and Liu, 2012] is just an approximation due to limited spatial resolution. It is also seen that the wave fronts in the chromosphere are nearly horizontal due to the significant difference between the fast-mode MHD wave speeds in the corona and in the chromosphere. Hence it is expected that the Doppler velocity of the chromospheric plasma in the downstream of the fast-mode MHD wave, which is mainly perpendicular to the wave front, is downward. The downward motion results in a red shift of the Hα line profile, producing brightening in the blue wing of the Hα line and darkening in the red wing. The intensity at Hα line center is also slightly increased. It was shown that the intensity variation due to the red shift of the chromosphere peaks at Hα ± 0.45Å [Chen et al., 2005a] , meaning that Hα ± 0.45 A might be the best passband for the detection of Moreton waves using filtergrams. The essence of Uchida's model is that the chromospheric Moreton wave itself is not a wave, it is the footprint of the fast-mode coronal wave. Since the fast-mode wave speed in the corona is of the order of 1000 km s −1 , when an Hα Moreton wave is observed to travel with a speed higher than 1000 km s −1 , the coronal counterpart of the Moreton wave is either a simple wave or a weak shock wave. This then explains why it can propagate for a long distance and the amplitude of the wave front is small.
Based on Uchida's model, a fast-mode coronal Moreton wave is expected to exist, which was called coronal Moreton wave by Krucker et al. [1999] , Torsti et al. [1999] , and Thompson et al. [1999] .
3. Are "EIT waves" the expected coronal Moreton waves?
When coronal "EIT waves" were discovered [Moses et al., 1997; Thompson et al., 1998 ], they were thought to be the long-awaited coronal Moreton waves, i.e., fast-mode MHD waves or shock waves any coronal mass ejection (CME)/flare eruption should excite fast-mode MHD waves, and only "EIT waves" were observed, therefore, "EIT waves" should be fast-mode MHD waves. Second, at one moment in two events, the "EIT wave" front was found to be nearly cospatial with the Hα Moreton wave front [Thompson et al., 2000; Pohjolainen et al., 2001] . However, the observed "EIT waves" showed more features that cannot be accounted for in terms of fastmode MHD waves.
If "EIT waves" were the fast-mode coronal Moreton waves, there should be strong correlation between the "EIT wave" speed and the speed of type II radio bursts since the latter result from the same shock wave as the Moreton wave [Uchida, 1974] . However, Klassen et al. [2000] found that there is a lack of correlation between the "EIT wave" speed and the speed of type II radio bursts. Furthermore, Klassen et al. [2000] and Zhang et al. [2011] revealed that the "EIT wave" speed is typically three times smaller than the Moreton wave speed (or the propagation speed of the type II radio burst). More seriously, "EIT wave" speed can be well below the sound speed in the corona [Tripathi and Raouafi , 2007; Thompson and Myers, 2009] , sometimes even down to ∼10 km s −1 [Zhukov et al., 2009] . If "EIT waves" were the fast-mode coronal Moreton waves, it is then expected to see a strong positive correlation between the "EIT wave" speed and the local magnetic field strength if the plasma density does not change much. However, Yang and Chen [2010] found that the "EIT wave" speed is negatively correlated with the magnetic field strength. It is noticed that Zhao et al. [2011] obtained the opposite conclusion by checking the correlation between the "EIT wave" speed and the local fast-mode wave speed (v f ). On the one hand, it is more appropriate to compare the "EIT wave" speed with v f as in Zhao et al. [2011] rather than just the magnetic field strength as done by Yang and Chen [2010] . On the other hand, the "EIT wave" event analyzed by Zhao et al. [2011] was on the east limb, and the photospheric magnetogram used in their modeling was actually measured about one week later, hence it might not represent the real situation when the "EIT wave" was propagating. Besides, the assumed coronal density in Zhao et al. [2011] is so high and the resulting Alfvén speed is so low, e.g., even <100 km s −1 , that the "EIT wave" in their model would be a strong shock wave, which might not be able to explain the small amplitude of the "EIT wave" fronts.
If "EIT waves" were the fast-mode coronal Moreton waves, they would be concentrated toward regions of smaller fast-mode speeds (probably weaker magnetic fields, assuming that the plasma density does not vary much) due to refraction, showing no systematic pattern related to the helicity of the source active region. However, with 8 examples Attrill et al. [2007; revealed that the rotation of "EIT wave" fronts, a feature discovered by Podladchikova and Berghmans [2005] , shows a systematic helicity rule, i.e., being anticlockwise when the source active region has negative helicity and clockwise when the source active region has positive helicity. The sense of rotation is the same as the erupting filaments, which are untwisting during eruptions .
There are many other features of "EIT waves" that cannot be explained simply by the fast-mode wave model. For example, Chen et al. [2011] found that the plasma outflow in a small coronal hole diminished after an "EIT wave" passed by. Chen [2009a] and Dai et al. [2010] claimed that the "EIT wave" front is cospatial with the CME frontal loop. Well before these work, it is Delannée and Aulanier [1999] and Delannée [2000] who first challenged the fast-mode wave model for "EIT waves". In three events, they found that a stationary wave front was located at a magnetic separatrix, across which the magnetic field strength might change smoothly but the magnetic fields on its two sides belong to different magnetic systems. This feature is difficult to be accounted for by the fast-mode wave model. They explained it to be due to the opening of the closed magnetic field lines. It is noted in passing here that the stationary EUV front mentioned above might not be concluding evidence against the fast-mode MHD wave. For example, Kwon et al. [2013] found that two stationary EUV fronts located on the two footpoints of a streamer brightened soon after a fast-mode MHD wave swept the upper streamer. They explained the stationary EUV fronts as trapped fast-mode waves due to the deflection of the streamer. On the other hand, it is commented by B. Vršnak (2015, private communication) that these two fronts are actually moving away from each other slightly, rather than being stationary, and the two separating fronts might be similar to flare ribbons due to magnetic reconnection of the current sheet above the streamer, which was triggered by the transiting fast-mode wave.
Toward a better model
Inspired by the questioning by Delannée [2000] , Chen et al. [2002] performed MHD numerical simulations to examine what wave phenomena would appear during CME eruptions. In their MHD numerical results, as a flux rope erupts, two types of wavelike phenomena appear in the corona. The faster one is a piston-driven shock wave straddling over the erupting flux rope. The leg of this wave travels outward at a speed 773 km s −1 in the horizontal direction, and was proposed to be the coronal Moreton wave. The slower one also straddles over the erupting flux rope, but behind the coronal Moreton wave. The horizontal speed of its wave front is only 250 km s −1 . Chen et al. [2002] proposed that the slower wave corresponds to the "EIT wave" observed by Thompson et al. [1998] , which is about 3 times slower than the coronal Moreton wave, consistent with observations [Klassen et al., 2000; Zhang et al., 2011] . In order to explain the unexpected "EIT wave", Chen et al. [2002] noticed that as a flux rope erupts, all the closed magnetic field lines straddling over the flux rope would finally be stretched out, successively from the inner field lines to the outer field lines. For any individual field line, the stretching starts from the top, and is then transferred down to the footpoint of the field line. Based on this intuition, Chen et al. [2002] proposed the magnetic fieldline stretching model for "EIT waves", which is illustrated by Figure 3 . Note that density enhancement is formed outside the field line when any part of the field lines is newly stretched, so all the stretching patches at one moment form a pattern, which is a domelike structure straddling over the erupting flux rope [Chen, 2009a] , as found from observations [Veronig et al., 2010] .
According to this idea as illustrated in Figure 3 , the corresponding apparent velocity of the "EIT wave" is vEIT = CD/∆t, where the time difference between the successive formation of the "EIT wave" fronts at points D and C is expressed as ∆t = AB/v f + (BD − AC)/vA, where v f = v 2 A + c 2 s and vA are the fast-mode wave speeds across and along the field lines, respectively, vA is the Alfvén speed, and cs is the sound speed. For any prescribed magnetic distribution, we can always quantitatively derive the corresponding "EIT wave" velocity. For simplicity, Chen et al. [2002] assumed an ideal case where all the magnetic field lines overlying the flux rope are concentric semi-circles, and the corresponding "EIT wave" velocity is found to be vEIT = 0.34v f , i.e., the "EIT wave" speed is roughly 3 times smaller than the local fast-mode wave speed. This is consistent with the observations [Klassen et al., 2000; Zhang et al., 2011] , as well as the MHD numerical simulations presented in Chen et al. [2002] . The large Doppler velocity and spectral line width immediately behind the "EIT wave" in the numerical simulations are consistent with those observed by Chen et al. [2010] . Later, Chen et al. [2005b] illustrated how the magnetic fieldline stretching model can explain why "EIT waves" stop near magnetic separatrices and why there is no correlation between the "EIT wave" velocity and the speed of the type II radio bursts. One important prediction of the magnetic fieldline stretching model is that, given a sufficiently high time cadence, any EUV imaging telescope can observe two wavelike patterns, one is faster and the other is slower. It should be noted that the 3-fold relation between the faster wave and the slower wave is valid when the magnetic field lines overlying the flux rope are concentric semi-circles. If the magnetic field lines are elongated in the upward direction, the velocity ratio between the two waves is not necessarily to be 3. Therefore, the velocity ratio of 4 between two EUV waves found by Zheng et al. [2012a] does not conflict with the magnetic fieldline stretching model. It should be pointed out that in Figure 3 we assume for simplicity that the stretching is transferred from point A to C for the first EIT wave front, and then from point A to D via B for the next EIT wave front. In reality, the transfer of the stretching from point A to D may detour around point B, which would result in the widening of the EIT wave front during propagation as demonstrated by Chen and Shibata [2002] . Furthermore, it was proposed that a CME may experience a short period of overexpansion in the low corona [Patsourakos et al., 2010] . In such a spherical piston-driven case, the stretching is transferred directly in the horizontal direction, and the EIT wave velocity would be identical to the fast-mode wave speed. This may explain why the slow "EIT wave" and the fast-mode wave are coupled in the early stage [Cheng et al., 2012] .
Since then, many other models have been proposed to explain the slow "EIT waves". For example, Attrill et al. [2007] suggested that EIT wave fronts are produced when the erupting magnetic field lines reconnect with a series of low-lying antiparallel magnetic loops, as depicted by Figure  4 in their paper. Our opinions on this model are: (1) "EIT waves" are not a low-lying phenomenon. They often extend ∼90 Mm above the solar surface , and sometimes are observed to have a domelike structure [Veronig et al., 2010] . This issue has not yet be addressed in the successive reconnection model. (2) Whereas it is hard to see that all low-lying magnetic loops are antiparallel with the erupting field lines, there are occasionally antiparallel magnetic loops in the background, in which case magnetic reconnection between the erupting magnetic field and the background magnetic field can happen, as demonstrated by Cohen et al. [2009] . Therefore, the combination of this successive magnetic reconnection model and the magnetic fieldline stretching model can account for many observational features of "EIT waves". Delannée et al. [2008] proposed a current shell model for "EIT waves". In this model, "EIT waves" correspond to the current shell between the erupting core magnetic field and the potential background magnetic field. One feature of this model is that the footpoints of the current shell are fixed, therefore, the authors associate the propagating "EIT wave" fronts with the current shell at a certain height. Downs et al. [2012] reproduced such a current shell structure, which is confined to the region of CME itself and mismatches the outer EUV wave front. Our intuition is that the current-shell model might be applied to explain some looplike structures near the source active region during CMEs. Wills-Davey et al. [2007] proposed an idea related to slow-mode soliton waves, with the aim to explain the coherence of the propagating "EIT wave" fronts. One difficulty is that "EIT waves" propagate across magnetic field lines, whereas slow-mode waves propagate along magnetic field lines. Based on MHD numerical simulations, Wang et al. [2009] proposed that "EIT waves" might be due to the joint impact of the slow-mode shock waves and the vortices behind the erupting flux rope.
Evidence of two types of EUV waves
It is widely accepted that a full-fledged CME is composed of three components, i.e., a convex-outward frontal loop, an embedded bright core representing the erupting filament, and a cavity in between [Forbes, 2000] . Besides, a piston-driven shock, which is a fast-mode shock wave, frequently straddles over the frontal loop, producing type II radio bursts [Wild et al., 1963] and manifesting itself in whitelight coronagraph images [Vourlidas et al., 2003] . All these observational results have led to a paradigm for CMEs as depicted by Figure 4 , though one or two parts in the schematic sketch might not be present in an individual event. Now suppose such a complex structure as depicted in Figure 4 is observed from above by EUV telescopes, what wavelike patterns can be seen? We would expect to see both the piston-driven shock wave and the CME frontal loop propagating outward [Patsourakos and Vourlidas, 2012] . That is to say, even with an imaginary test, we would expect to see two wavelike phenomena in the EUV images of the solar disk based on the widely accepted CME model, with the first wave being faster than the second one.
From the observational point of view, the evidence of two EUV waves already existed in the SOHO/EIT observations, despite the low cadence of the telescope [Warmuth and Mann, 2011] . For example, Biesecker et al. [2002] found a special subclass of "EIT waves", whose fronts are very sharp, in contrary to the diffuse fronts of ordinary "EIT waves". This subclass of "EIT waves" should be the coronal Moreton waves, and indeed, in two events, these sharp "EIT waves" were found to be nearly cospatial with Hα Moreton waves at a single moment [Thompson et al., 2000; Pohjolainen et al., 2001] . Note here again that the cospatiality occurs at only one moment, since Hα Moreton waves are usually visible for <10 min [Francile et al., 2013] , whereas the time cadence of the EIT telescope is 12-15 min. Unfortunately, the occasional cospatiality between the sharp "EIT wave" front and the Hα Moreton wave can be easily considered to be the strong evidence to support the fast-mode wave model for "EIT waves". To explain the velocity discrepancy between Moreton waves and "EIT waves" in the fast-mode wave model, it was then argued that the fast-mode wave decelerates later in the quiet Sun region [Wu et al., 2001] . However, both the Hα [Eto et al., 2002] and radio [White and Thompson, 2005] observations did not show any significant deceleration of the Moreton wave.
The first observational evidence of two EUV waves was discovered by Harra and Sterling [2003] , who used the highcadence (1-2 min) data from the Transition Region and Coronal Explorer (TRACE) satellite. They found a brighter wave front moving with a velocity of ∼200 km s −1 and a weaker wave front moving with a velocity of ∼500 km s −1 . It is a pity that the authors did not use a time-distance plot to clearly display the separation of the two waves so that their statement was questioned later. For example, Wills-Davey [2006] analyzed the same event and argued that only one wave exists. She considered the faster weak front ahead as a Gaussian extension of the slower bright front behind. However, in terms of a simple wave with certain extension as mentioned by Wills-Davey [2006] , the wave portions with larger amplitudes should travel faster than those with smaller amplitudes. In this sense, the brighter and fainter fronts recognized by both Harra and Sterling [2003] and Wills-Davey [2006] are more likely to be two separate fronts.
After the Solar Terrestrial Relations Observatory (STEREO) twin satellites were launched in 2006, its onboard Extreme Ultra-Violet Imager (EUVI) with a higher cadence (2.5 min) did not bring any breakthrough in resolving the theoretically predicted two types of EUV waves. Instead, most papers based on STEREO/EUVI data tend to support the fast-mode wave model for "EIT waves" [Long et al., 2008; Gopalswamy et al., 2009] . For example, Patsourakos and Vourlidas [2009] analyzed the first quadrature observations of an EIT wave event, and concluded that EIT waves are fast-mode waves. The reason is that they found that the EIT wave front is outside the CME bubble. We tend to think that their EIT wave front is cospatial with the CME bubble, which is especially clear at 05:55 UT in their Figure 1 . The difficulty in matching an EIT wave with the CME bubble lies in the lack of common field of view between the EUV imager and the coronagraph.
The real breakthrough on this topic came after the launch of the Solar Dynamics Observatory (SDO) satellite in 2010. The unprecedentedly high cadence (∼12 seconds) and high spatial resolution of the aboard Atmospheric Imaging Assembly (AIA) telescope unveiled many details of the kinematics of various EUV waves. Compared to previous instruments, the spatiotemporal resolution of the SDO/AIA telescopes is improved so much that the new observations revealed too many subtle features that are sometimes difficult to interpret straightforward [Liu et al., 2010] . However, in a surprisingly weak CME/flare event, the long-awaited two types of waves were finally disclosed clearly [Chen and Wu, 2011] . The time-distance plot of the EUV intensity of this event is displayed in panel (a) of Figure 5 , where the faster wave has a velocity of 560 km s −1 , whereas the slower wave has a velocity of 190 km s −1 . The authors argued that the faster wave corresponds to the coronal Moreton wave, therefore, it is of fast mode; the slower one corresponds to the diffuse "EIT wave" as discovered by Thompson et al. [1998] . Since then, more and more events were revealed to have a faster wave ahead of a slower wave, which is best visible from time-distance plots [Schrijver et al., 2011; Asai et al., 2012; Cheng et al., 2012; Shen and Liu, 2012; Kumar et al., 2013; Shen et al., 2013] . Some of these results are displayed in panels (b-d) of Figure 5 . In particular, Asai et al.
[2012] caught the rare chance to observe EUV waves and an Hα Moreton wave simultaneously (panel d in Figure 5 ), and they confirmed that the faster EUV wave is nearly cospatial with the Hα Moreton wave, whereas the slower wave is behind. An even better example is the 2011 February 14 event analyzed by White et al. [2013] . Figure 6 illustrates the time-distance plots in the AIA 211Å and the ISOON Hα wavebands. Their result convincingly confirmed that Hα Moreton wave corresponds to a faster EUV wave, which is followed by a slower yet brighter EUV wave. The two-wave paradigm was recently supported by 3-dimensional MHD simulations [Downs et al., 2012] . In January 2014, a group of "EIT wave" colleagues were gathering in Bern for an International Space Science Institute (ISSI) workshop led by D. Long and S. Bloomfield. Most participants agree that there are two (or at least two) types of EUV waves.
What caused the confusion?
The nature of "EIT waves" has been debated for ∼16 years. It is time to comb the complications and think about what factors led to the controversy among the community.
With respect to Hα Moreton waves, the serious problem is the rarity of the events. Even during only 15 months from 1997 March 24 to 1998 June, about 176 EUV waves were detected by SOHO/EIT [Thompson and Myers, 2009] . On the contrary, only dozens of Hα Moreton waves have been observed during the past 55 years. Therefore, it is very rare to find simultaneous Moreton wave and EUV wave observations. The reasons for the rarity of Moreton wave events include: (1) Only when the coronal shock wave is strong enough, its skirt can heavily sweep the chromosphere so as to generate significant downward motions of the dense chromosphere, i.e., perturbations should exist in many CME/flare events, but in most cases they are not strong enough to produce Doppler shifts of the Hα line; (2) Moreton waves were discovered in Hα-0.5Å [Moreton and Ramsey, 1960] , and it was calculated that the passband around Hα ± 0.45Å is the best suitable for detecting Moreton waves. However, most of the current Hα telescopes are using Hα line center, with only a few exceptions [e.g., UeNo et al., 2004; Fang et al., 2013] .
With respect to EUV waves, the serious problem is the observing cadence. In the SOHO/EIT era, i.e., from 1996 to 2006, the cadence of the EUV imaging observations was too low (∼15 min). However, Hα Moreton waves have relatively short lifetimes, which are generally less than 10 min [WillsDavey et al., 2007] . The 12-min lifetime of the Moreton wave analyzed by Balasubramaniam et al. [2007] is exceptionally long. Therefore, none or at most one front of the Moreton wave can be captured by the SOHO/EIT telescope. What the SOHO/EIT telescope observed was mainly the slower type of EUV waves. In our opinion, most of them are the EUV counterpart of the CME frontal loop, rather than fastmode waves or shock waves.
In the STEREO/EUVI era, i.e., from 2006 to 2010, the observational cadence was increased to 2.5 min. In principle, several fronts of an Moreton wave event at successive times can be captured, in addition to the slower wave. However, it was demonstrated by Chen and Wu [2011] that, at least for the EUV wave event on 2010 July 27, only when the observational cadence is less than ∼70 seconds can the two EUV waves be clearly distinguished. This is because both waves originate from the source active region, and they are still not far enough from each other during the lifetime of the faster EUV wave. Only occasionally, for example, when the quiet Sun magnetic field is very weak and the fast-mode wave speed is not very large compared to the sound speed, the two EUV waves might be discernable [Grechnev et al., 2011; Downs et al., 2012] .
During the current SDO/AIA era, i.e., after 2010, it has been demonstrated that two types of EUV waves can be distinguished well. We were anticipating that a converging consensus should be reached soon [Chen and Fang, 2012] . However, the current state of the "EIT wave" research is still confusing. In our understanding, the confusion in the SDO/AIA era is due to the terminology, i.e., "EUV waves" or "coronal waves" were used for both wave phenomena indiscriminately. Among case studies, some events correspond to the fast-mode MHD waves or shock waves [e.g., Li et al., 2012; Yang et al., 2013] , whereas some others correspond to the diffusive "EIT waves" [e.g., Zheng et al., 2012b] . Similarly, among statistical studies, some samples mostly consist of the fast-mode MHD waves or shock waves, probably mixed with a few slower wave events. For example, Nitta et al. [2013] focused on the fastest wave pattern in the timedistance plot of each event observed by SDO/AIA, which they call large-scale coronal propagating fronts (LCPFs). That is why the mean velocity of their LCPFs is as high as 644 km s −1 . However, the EUV waves in some other studies mainly belong to the slower type of "EUV waves", e.g., Muhr et al. [2014] investigated the EUV wave kinematics using the STEREO/EUVI data and found that the arithmetic mean of the linear velocity is only 254 ± 74 km s −1 . Some colleagues might think that the statistical results of Muhr et al. [2014] and Nitta et al. [2013] are contradictory. In our personal view, the apparent discrepancy immediately disappears if we consider the waves in Muhr et al. [2014] as the slower component and the LCPFs in Nitta et al. [2013] as the faster component of the two-wave paradigm. In this sense, the waves called "coronal propagating fronts" by Schrijver et al. [2011] belong to the slower component, very different from the LCPFs in Nitta et al. [2013] . Note that, in our viewpoint, a few events in Nitta et al. [2013] , those with small velocities, should be categorized into the slower component in the two-wave paradigm, where the faster component in these events was too weak to be detected. At the same time, a few events in Muhr et al. [2014] might be fast-mode waves. It should be noted here that other two factors may also contribute to the velocity discrepancy between Nitta et al. [2013] and Muhr et al. [2014] : (1) The cadence of STEREO/EUVI is much lower, which would underestimate the propagation velocity [Long et al., 2008] ; (2) Muhr et al.'s sample was obtained across the solar minimum when the coronal magnetic field is relatively weaker, whereas Nitta et al.'s sample was across the solar maximum when the magnetic field is stronger.
From these examples, the readers can see how divergent the current terminologies are. Chen and Fang [2012] proposed to use "EIT waves" for the slower component, and "coronal Moreton waves" for the faster component in the two-wave paradigm. Alternatively, we might use "type I EUV waves" for the slower component, and "type II EUV waves" for the faster component. Readers are not obliged to accept such terms, but we do think that it is crucial to have different terms for the two types of EUV waves. Otherwise, controversy will remain forever.
If both the faster and the slower waves appear in one eruption event with the high-cadence observations such as from SDO/AIA, it is very easy to disentangle them. However, similar to the case of CMEs where the three components often do not show up simultaneously, the two types of EUV waves are not always present in one event. In the case of only one wave being detected, it becomes important while difficult to clarify which type it belongs to. Based on our limited experience, we propose the following rules. (1) If the wave speed is always subsonic, e.g., below 186 km s −1 for the corona with a temperature of 1.5 MK, the observed wave must be the slower component. Since the low corona has a small plasma β, we can even claim that if the wave speed is always below ∼300 km s −1 , it has a high probability to be the slower component. Note that there are local regions in the corona where the magnetic field strength is close to zero, e.g., the regions near magnetic null points, where the fast-mode wave speed approaches the sound speed, i.e., 186 km s −1 . But this happens locally. In most volume of the low corona, the plasma β is much less than unity, otherwise the widely accepted force-free assumption in the coronal magnetic extrapolations [Low , 2015] is not valid at all; (2) If the wave speed is above ∼500 km s −1 , generally the observed wave should be the faster MHD wave or shock wave, i.e., the faster component in the two-wave paradigm; (3) If the wave speed is between the two limits mentioned above, say, 300-500 km s −1 , a range where the two types of EUV waves overlap in velocity, the situation becomes subtle. It depends on other kinematic characteristics, e.g., (i) the slower type of EUV waves would stop near magnetic separatrices [Delannée and Aulanier , 1999; Chen and Wu, 2011; White et al., 2013] ; (ii) The brightest part of the slower type of EUV waves would rotate anti-clockwise/clockwise in the active region with negative/positive helicity [Attrill et al., 2007] ; (iii) The faster type of EUV waves might become concave outward on the solar disk during propagation, resulting from wave refraction [Xue et al., 2013] .
What are the drivers of the two types of EUV waves?
When Moreton waves were discovered in 1960s [Moreton and Ramsey, 1960] , people knew nothing about CMEs since the phenomenon was discovered in 1970s [Tousey, 1973] . Therefore, solar flares were then ascribed to be the cause of Moreton waves [Ramsey and Smith, 1966] . For the same reason, in Uchida's model, Moreton waves were thought to be blast waves generated by the pressure pulse in solar flares [Uchida, 1968] . Therefore, Moreton waves were frequently called flare waves [Zirin and Werner , 1967; Vršnak et al., 2002] . However, whereas some Moreton waves are accompanied by C-class flares [e.g., Zhang et al., 2011] , it is easy to find X-class flares not associated with Moreton waves, e.g., the 2005 January 14 flare studied by . In this case, no CME is accompanied. Therefore, after CMEs were widely studied, it was realized that Moreton waves should be related to CMEs [Cliver et al., 1999; Chen et al., 2002] . Strictly speaking, it is the erupting flux rope that generates the coronal counterpart of an Moreton wave, i.e., a pistondriven shock wave, which straddles over the frontal loop of the CME.
Probably influenced by the early explanation for Moreton waves, after "EIT waves" were discovered, it was initially thought that they might be generated by the pressure pulse of the associated solar flare [e.g., Warmuth et al., 2005] , although it was already argued that CME as the driver cannot be ruled out immediately after "EIT waves" were discovered Wang, 2000] . In particular, Delannée [2000] suggested that "EIT waves" are more related to the magnetic field evolution during CMEs rather than being driven by solar flares. One important reason is that more than half "EIT waves" were associated with tiny flares, such as A-or B-class flares [Cliver et al., 2005] . It is hard to believe that these tiny flares can generate global coronal waves. In order to find out the driver of "EIT waves", did a test by selecting 14 M-or X-class flares that were not associated with CMEs during solar minima. These flares are ∼1000 times stronger than the A-or B-class flares in the 1-8Å soft X-ray flux. If the pressure pulse in Aor B-class flares can generate global coronal waves, there is no reason for M-or X-class flares not to be able to generate global coronal waves. In order to make the test more convincing, chose those flares during solar minima since the relatively quieter corona in the background of the eruption favors the detection of "EIT waves". found that none of the 14 strong flares was associated with any "EIT wave". Therefore, they concluded that "EIT waves" are associated with CMEs. Caution should be taken here: people later may occasionally find an "EIT wave" event that is not associated with a visible CME, e.g., the "EIT wave" event studied by Chen and Wu [2011] . This is presumably due to the fact that some CMEs are too faint and they are missed by coronagraph observations [Cheng et al., 2005; Gopalswamy et al., 2010; Wang et al., 2011] .
Furthermore, after comparing the spatial relationship between an "EIT wave" and the corresponding CME, Chen [2009a] found that "EIT waves" are actually cospatial with the CME frontal loop. This was confirmed by Ma et al. [2009] and Dai et al. [2010] . It means that, when viewed from the side, e.g., for an "EIT wave" happening above the solar limb, it should have a domelike structure as shown by Chen [2009a] and Veronig et al. [2010] ; when an "EIT wave" is observed from the top, e.g., for an "EIT wave" happening on the solar disk, we can see a ringlike front due to projection effects.
In other models mentioned in Section 4, it is also argued that "EIT waves" are strongly related to CMEs. For example, in the successive reconnection model [Attrill et al., 2007] , "EIT waves" are formed as the erupting magnetic field reconnects with the neighboring magnetic loops; in the current shell model [Delannée et al., 2008] , "EIT waves" are formed at the interface between the erupting core field and the background envelope field.
Significance of the research on the two types of EUV waves
We are often confronted with the question: what is the significance to study EUV waves? First, they are interesting large-scale phenomena in the solar corona, worthy to be understood. Second, EUV waves are strongly correlated with CMEs. Regarding the slower component of the two EUV waves, for example, Muhr et al. [2014] found that 95% of the "EIT waves" are associated with CMEs. Considering that some CMEs, especially the halo events, might be missed by coronagraphs [Cheng et al., 2005; Lara et al., 2006; Gopalswamy et al., 2010; Wang et al., 2011] , such a result supports the conclusion that there is an unambiguous correlation between EIT waves and CMEs [Biesecker et al., 2002] . Regarding the faster component of the two EUV waves, CMEs are always associated with the LCPFs studied by Nitta et al. [2013] . Therefore, either the faster or the slower EUV waves, along with the associated large-scale dimmings, are perfect indicators of CMEs, especially those coming from the front side of the Sun, which have a high chance to hit the Earth. Therefore, in case no coronagraphs are working routinely, EUV imagers can provide reliable information on the possible CMEs from the visible side of the solar disk, which is crucial for space weather forecasting. Third, CMEs are often observed well above the solar limb with coronagraphs occulting the solar disk, the initiation process, which is an extremely important stage in the CME evolution, is often missing in CME observations. Fortunately, it was proposed that the slower component of the EUV waves, i.e., the diffuse "EIT wave", is actually the EUV counterpart of the CME frontal loop [Chen, 2009a] . Therefore, the observations of the diffuse "EIT waves" can fill in the gap, and may provide crucial information for the studies on CME triggering and acceleration. On the other hand, the understanding of the "EIT waves" can shed light on our understanding of the nature of the CME frontal loop. For example, Chen [2009a] proposed that in the low corona, say, below a heliocentric distance of 2.5R⊙, the propagation of the CME frontal loop might be an apparent motion, and its radial velocity in the coronagraph images is not the real plasma velocity. The real plasma velocity might be ∼3 times smaller than the apparent velocity often registered in all CME catalogs. Fourth, like any other wave phenomenon, EUV waves can also be utilized to diagnose the parameters of the corona, e.g., the magnetic field, which cannot not be measured directly, and some sub-resolution density structures related to the evolution of the amplitude and width of EUV fronts [Yuan et al., 2015] . This is called coronal seismology. Compared to the local seismology in which waves trapped in coronal loops are utilized [Nakariakov and Verwichte, 2005] , the coronal seismology using EUV waves has the advantage of the large scales since they are observed to cover a major part of the solar disk. However, caution has to be taken when doing the global coronal seismology using EUV waves, since the prerequisite in doing coronal seismology is that we have to be sure what mode the wave is. Whereas there is no objection on the fast-mode wave nature for the faster type of EUV waves, colleagues still have different opinions on the nature of the slower type of EUV waves. When one uses the faster type of EUV waves, with the assumption of a weak fast-mode shock wave, one can derive the reasonable magnetic field strength in the solar corona as done by Uchida [1968] . For example, Long et al. [2013] applied this type of coronal seismology to a fast-moving (v = 658 km s −1 ) EUV wave and obtained the quiet coronal magnetic field strength in the range 2-6 G. Note that they used the term "EIT wave" for the wave phenomenon studied in their paper, but we personally tend to think that it is a faster type of EUV wave. If one applies the same fast-mode wave assumption to the slower diffuse "EIT waves", one may greatly underestimate the coronal magnetic field. These might include Ballai and Douglas [2008] and West et al. [2011] among others.
Doing coronal seismology with the slower diffuse "EIT waves" is not impossible, but it is really a formidable task, never so straightforward as the faster type of EUV waves. It strongly depends on our understanding of the nature of this wavelike apparent phenomenon. So far, several models have been proposed to explain the slower type of EUV waves. It is an interesting issue how these models can be utilized in coronal seismology. One effort was tried by Chen et al. [2005b] in the framework of the magnetic fieldline stretching model. Even for the magnetic fieldline stretching model, the inversion from the observed "EIT wave" velocity to the magnetic field strength is extremely difficult. Considering the difficulty of such inversion, Chen [2009b] performed a forward modeling, and derive the velocity profile for the slower type of EUV wave for a given 2-dimensional magnetic distribution. In principle, we might adjust the coronal magnetic field in order to make the derived velocity of the slower type of EUV wave best match the observation, and then consider the corresponding 3-dimensional magnetic field to represent the real corona.
Summary
To summarize, here we list some important points of this review paper:
(1) As a CME erupts, at least two types of wavelike phenomena might be discernable in EUV images. One is the piston-driven shock wave with a velocity in the range of several hundred to more than 1000 km s −1 , the other is not an MHD wave, and the speed is generally below 500 km s −1 , sometimes even down to ∼10 km s −1 . (2) Whereas the faster EUV is well believed to be a fastmode MHD shock wave, the nature of the slower wave is still controversial. Even if people agree that the slower EUV wave is actually the CME frontal loop, the formation of the CME frontal loop is still a question to be addressed. We tend to believe that the slower EUV wave is an apparent motion, due mainly to successive magnetic fieldline stretching, and sometimes to magnetic reconnection.
(3) We feel that the current situation is confusing, and the confusion results from the casual usage of the terminologies for EUV waves. We propose that in order to avoid further confusion we need two different names for the two types of EUV waves. One simple option is that they are classified as slow EUV waves and fast EUV waves. The second option is that the slower EUV waves can be called "type I EUV waves" and the faster EUV waves be called "type II EUV waves" since the slower EUV waves should be related to type I radio bursts (both of them result from magnetic field reconfiguration) and the faster EUV waves should be related to type II radio bursts (both of them are from the CMEdriven shock, although one may appear without the other, Nitta et al. 2014) . The third option is that the slower EUV waves can be called "coronal propagating fronts" and the faster EUV waves can be called fast-mode EUV wave/shock wave. Figure 1 . Evolution of the 195Å based difference intensity map observed by SOHO/EIT telescope on 1997 May 12, which was analyzed by Thompson et al. [1998] , marking the discovery of "EIT waves" [from . Distance (km) Figure 6 . Time-distance diagrams of the AIA 212Å intensity (left) and the ISOON Hα intensity (right), clearly demonstrating the faster EUV wave is nearly cospatial with the Hα Moreton wave and the slower EUV wave is much behind [adapted from White et al., 2013] .
